Abstract-Flow control technique is an important research field of aerodynamics. Flow control technique uses the interactions of fluid hydrodynamic to control and amplify the flow signal by changing the local flow. As far as possible to optimize the flow field distribution, increase the lift, reduce the drag and effectively improve the lift drag ratio, are also the important research subjects in aircraft design. As the requirements of plane design performance improving constantly, the fluid flow control becomes more and more important, and shows the irreplaceable role. In this paper the passive flow control method and active flow control method with applications to increasing lift and reducing drag are introduced in detail. The conclusion is active flow control's effect is more obvious compared by the passive flow control means. The working keys and directions are put forward in the paper.
INTRODUCTION
The boundary layer theory which Prandtl proposed in 1904 has greatly promoted the development of fluid mechanics and aerodynamics. Boundary layer is called the attachment surface layer. Due to air viscosity and not smooth surface, a layer fluid of the object surface with can be affected by surface drag, thus flow velocity is reduced to zero. While one layer is involved by the other layer, the velocity of fluid layer will increase along the surface normal. The thin layer is called the boundary layer. The boundary layer is divided into the boundary layer of laminar flow and boundary layer of turbulent flow. The friction resistance of turbulent boundary layer is greater. Due to the adverse pressure gradient, the back and forward air will meet and arch from the wing surface, thereby generating vortex area, as shown in figure 1 and 2. The bigger vortex area will not only have a greater pressure difference resistance, but also the less pressure difference of upper and lower wing surface will reduce the lift. So the flow control technology in aviation reaches a high lift and drag reduction, according to the boundary layer and vortex control, improves flight performance.
Flow control can be divided into passive flow control and active flow control. Passive flow control technology starts earlier, already has widely engineering application.
Active air flow control has a late start, but also become a more systematic research field. Passive control is a control technology which changes the flow environment through the passive flow control device. Passive control is also called fixed control, and its effect is easily affected by the changes of the fluid movement state. Because the wing is the main components to generate lift for aircraft, the flow control mainly used to change the flow of wing boundary layer and delay the flow separation of wing boundary layer, so as to achieve the purpose of increasing lift and drag reduction.
Wing fence is the most simple passive flow control device, it can change the boundary layer flow and delayed flow separation on tip to reduce the resistance and increase lift, through the boundary layer barrier from wing root to wing tip pushed. The leading edge flap and trailing edge flap are also widely used on plane to increase lift, but the result of resistance is inevitable. Choi [1] made numerical simulation on groove surface turbulent fluid flow with DNS model in 1993, and showed that grooves can reduce resistance. Professor Reif received inspiration by observing the shark swimming, it is proved by test that the grooves on the shark skin can make the boundary layer stability, which can change the wall surface to achieve good effect of drag reduction. A lot of researches and experiments [2] showed, small grooves aligned with the flow direction can effectively reduce friction resistance of turbulent boundary layer, and it has been applied to large aircrafts.
In addition, from the plano-convex airfoil to the supercritical airfoil, the design and research of airfoil has been basic research topic in the field of aircraft design for a long time. The supercritical airfoil is beneficial to reducing the separation of boundary layer degree and delaying the occurrence of the shock wave, so as to reducing aircraft weight, improving flight performance. Li Weijie [3] made the improved design of humpback whale non smooth leading edge protrusions to the NACA63-210 wing based on the basic principles of bionics on the basis of the study of the foreign scholars. Through the numerical simulation, the conclusion is that the bionic wing can make the lift coefficient increase and make the resistance decrease apparently in addition to 0° angle of attack. Yang Yang [4] also proved by experiment, the bumps design of supercritical airfoil can reduce the shock resistance of supersonic flight and improve the lift-drag ratio. In addition, the position, shape and distribution of bumps will affect the drag reduction effect.
In 1947, Taylor [5] proposed the concept of vortex generator, and proved that it can be used in boundary layer flow control. In fact the basic working principle of vortex generator is following: It is arranged in a mounting angle on the body surface, and produces strong wingtip vortex due to its small the lift-drag ratio. It can effectively control the flow separation as the energy delivered to the low energy boundary layer. The test results show that, the vortex generator used in multi element airfoils, can increase the stall angle of attack under the take-off, landing states, and achieve greater maximum lift coefficient.
Due to tip vortices of the 3-dimensional wing (as shown in Fig.3 ), an aircraft generates lift and also produces resistance in flight. The resistance is known to induce resistance. While the drag reduction control of the induced drag is also an important research work, especially has the research value for large aircraft. At present the main methods is the tip winglet or the wing tip sails. Liu Xiaolei [6] , designed a wingtip winglets based RAE2822 supercritical airfoil. The numerical simulation results show that the wingtip vortex strength is effectively reduced to increase lift and drag reduction after equipping with the winglet (as shown in Fig.4 ). The active flow control mainly attracts flow of the upper wing surface and blows the vortex of wing trailing edge region to achieve early. Now the development of the synthetic jet technology has more obvious effects. This paper briefly introduces the two kinds of active control technology combining methods with electromagnetic technology and MEMS technology.
A. The electromagnetic Force of Flow Control
The electromagnetic force is the force's general term of a charge or current in the electromagnetic field. The force of a current-carrying conductor in a magnetic field is also called electromagnetic force. The electromagnetic force is a kind of volume force, which is expressed the magnetic induction intensity B and current density J.
The following equation:
Therefore, the incompressible fluid control equation can be written as:
In the formula, U is the speed of a fluid motor, P is the pressure of flow field, Re is the Reynolds number, S t as function coefficient equal to the ratio of the electromagnetic force strength and fluid flow inertia.
The electrode strip and magnetism strip are alternatively arranged to form an activation plate, placed the flow of the electrolyte solution, as shown in figure 5 . Lorenz force has the same direction with the fluid flow. T he Lorenz force can change the boundary layer structure, thus to control the fluid.
Fig.5 flowing medium electromagnetic activation plate
Early in the middle of the twentieth Century, people try to use electromagnetic force characteristic to control low conductive fluid flow, and has carried the research. The experiment proved that the electromagnetic force can effectively eliminate vortex and reduce drag.
Reed [7] found magnetic in addition can suppress turbulence, even can make it laminar flow again and significantly reducing the flow resistance. Gardner [8] analysised and validated that the electromagnetic force can obviously reduce the flow resistance through pipe flow mechanism of the magnetic generator. Gailitis [9] composed the electromagnetic field activation plate which strip electrode and magnetic poles are alternatively arranged. It is immersed in the flow of weak electrolyte solution, and the resulting Lorentz force can change the boundary layer structure. Subsequently, Berger [10] studied the boundary layer in the electromagnetic field by numerical simulation and related experiments. The electromagnetic force to drag reduction in turbulent boundary layer research is paid attention by the researchers [11, 12, 13] in recent years. Zhang Hui [14] inserted the column on the surface coating electromagnetic activation plate into the flow of electrolyte solution. When the electromagnetic plate has not been activated, the fluid in the cylinder surface somewhere formed vortices. After the electromagnetic plate has been activated, Lorentz force makes the boundary layer structure produces change apparently near the flow field of the cylindrical surface, and fluid separation point on the wall disappeared with vortex suppression. Liu Huixing [15] puts the rudder coated electromagnetic activation plate on surface into the solution. The fluid boundary layer structure is controlled by the electromagnetic force on the rudder surface. It was found that a certain intensity and intermittent frequency spanwise electromagnetic force can effectively reduce the rudder's fluid resistance of the turbulent state. Based on the electromagnetic field and the basic equations of fluid mechanics, Mei Dongjie [16] , studied the spanwise oscillating electromagnetic force of the turbulent channel flow experimentally and numerically. It shows interaction the streamwise vortex of the electric magnetic induced and wall turbulence. Shi Weiping [17] simulated the process of the flow around a circular cylinder in electromagnetic field using a lattice Boltzmann method, and studied cylindrical resistance force is impacted by electromagnetic force. The results showed that the electromagnetic force can change the boundary layer structure of flow around cylinder, delaying boundary layer separation, while suppression of vortex shedding and reducing drag.
To sum up, the electromagnetic force generated through electromagnetic field in a conductive fluid boundary layer has distinct distribution features, and can effectively change the boundary layer structure, control flow separation of boundary layer. Though changing arrangement of the electrode and a magnetic stripe, different directions electromagnetic forces are generated. Therefore, the electromagnetic force control is easy to realize, and its flexibility is also very strong. It is important for military application to develop the turbulent boundary layer drag reduction technology of electromagnetic force.
B. The Plasma of Flow Control
Plasma is also called electric slurry. It is ionized gas substance which composed by a part of electronics after deprivation of atom and positive and negative electrons of atom ionized. Plasma is a good conductor. Roth [18 ,19 ] early worked for the study of plasma to assist drag reduction. Yano [20] also use wind tunnel test to ultrasound unequilibrium plasma, Shang conducted on supersonic aircraft plasma drag reduction experiment. Luo Jinling [21] made plasma numerical simulation on high speed aircraft. It is indicated that the plasma can significantly reduce the flight resistance under certain conditions. The drag reduction effect is also not same to different Mach numbers.
It is showed on research, plasma flow control technique can make use of static electricity to control the boundary layer flow, and effectively improve the flow separation condition, thereby reducing the coefficient of drag in flight. The test results show, plasma technology can make the flight resistance reduce about 30%. But these experiments are under the glow discharge conditions. To form plasma on the surface of the aircraft still need be researched and experimented to experts. Plasma hydrodynamics can be not only used for flow control to reduce drag, also be used in stealth technology.
IV. CONCLUSIONS AND PROSPECTS
Through the analyses, active flow control and passive flow control can control fluid flow to some extent, but the active flow control has more obvious advantage. Passive control is predetermined. when flow conditions deviate from the design state, it is impossible to achieve the best control effect. Active control technology can change the flow structure of the full flow field. Active flow control has the advantage of appearing in the need time and site, and changes the local or global flow effectively through the local energy input. At the same time, the aircraft flight performance was improved. But the research is just a beginning, and active flow control technology is facing difficulties from the theory to the practice. To achieve the purpose of practical application, there are a lot of efforts and works to do.
In addition, the object of the active flow control is boundary flow and other related phenomena, which is currently the aerodynamics research problem. It is not easy to establish the exact models. So the exact model of active flow control technology is one problems of solved urgently.
